We demonstrate direct modulation in compact widely tunable V-cavity-laser. Dynamic mode hopping is avoided and well-open eye diagrams were measured for 2.5Gbps and 5Gbps after 50km and 20km transmissions, respectively.
Fig. 1. Microscope photographs of the VCL

Device Structure And Fabrication
The V-cavity laser was designed and fabricated in InGaAsP/InP multiple quantum well structure without epitaxial regrowth or bandgap engineering. The detailed layer structure was described in [7] . It consists of two Fabry-Perot cavities with slightly different optical path lengths, coupled through a reflective 2×2 half-wave coupler [6] , as shown in Fig. 1 . The length of the fixed gain cavity (~466µm) is designed to match its resonant wavelengths to the ITU grid of 100 GHz spacing. The channel selector cavity is 5% longer so that the Vernier effect can be used to extend the tuning range. Three deep etched facets are used as the cavity mirrors. The half-wave coupler consists of a non-imaging multimode interference (MMI) structure with an optimal ratio and 180° relative phase between the cross-coupling and bar-coupling coefficients to obtain high side-mode suppression ratio (SMSR). Three electrodes are deposited on the top surface, while a common ground electrode is deposited on the back side. The fixed gain electrode provides a gain on the short cavity, while the channel selector electrode on the long cavity is used for wavelength tuning. The electrode on the coupler is used for direct modulation. The ratio between the length of the waveguide covered by the modulation electrode and the cavity length is kept the same for both cavities (e.g. 60% in the current design) so that the wavelength chirp induced by the direct modulation does not cause mode hops. Standard fabrication process for ridge waveguide Fabry-Perot lasers is used with the addition of a deep-etching step for the etched facets. The chip size is only about 500µm × 300µm.
The laser was mounted on an aluminum nitride carrier with a thermal-electric cooler (TEC) for temperature control. For direct modulation, the modulation electrode on the coupler was wire-bond to the signal contact of G-S-G metal pads fabricated on the AlN carrier with a 50-Ω matching impedance for high-speed probe. A lensed fiber was used to couple the light out from the coupler side. No isolator was used in the experiments.
Experimental Results And Discussions
The laser reaches the threshold when the three electrodes are biased at about 20 mA. When the electrodes are biased at 40~50 mA, the output power measured by collecting all the light from the coupler side using a broad area detector is about 8 mW. When the temperature is fixed at 20°C, 31 consecutive channels with ~100GHz spacing can be tuned by varying the current on the channel selector electrode alone, as shown in Fig. 2 . Further, by changing the TEC temperature from 10°C to 45°C, we obtained full-band tuning of 50 wavelength channels. The SMSR ranges from 35 dB to 38 dB for most of the channels. For the dynamic characteristics, we first measured the small-signal frequency response of the laser by applying an RF signal from a Vector Network Analyzer to the modulation electrode on the coupler. Figure 3 shows the S21 response when 0 dBm RF power with a DC bias current is supplied. We can see the relaxation oscillation peak at 4.2 GHz. The 3-dB bandwidth is about 5.7 GHz. For the large-signal direct modulation, a 15-bit pseudorandom sequence from a pattern generator is supplied to the modulation electrode through a bias-T with an optimized DC bias. Figure 4 shows the measured bit error rate (BER) versus received power for 2.5 Gbps signal after 20km transmission, comparing the VCL with a commercial DFB laser in a SFP module. Figure 5 shows the measured eye diagrams at 2.5 Gbps back-to-back (a), 5 Gbps back-to-back (b), 2.5 Gbps after 50 km of standard single mode fiber (SMF) transmission (c), and 5 Gbps after 20 km of SMF transmission (d). This experiment was done at room temperature without TEC control. We can see that the eyes are well open in all cases. The measured extinction ratios are 8.3 dB, 6.5 dB, 6.3 dB and 5.2 dB, respectively. Gbps after 20 km SMF transmission.
4.Conclusions
We have demonstrated direct modulation in a simple and compact widely tunable V-cavity laser. Single-electrode controlled wavelength tuning of 31 channels with 100GHz spacing is achieved, and 50-channel full-band coverage can be obtained by varying TEC temperature. Direct modulations at 2.5Gbps and 5Gbps are demonstrated with good signal quality after 50 km and 20 km transmissions, respectively. The laser structure does not involve any grating or epitaxial regrowth, and has a size of only 500µm × 300µm. The advantages of compactness, fabrication simplicity, easy wavelength control with capability of full-band tuning, and simple direct modulation offer great potential for the tunable laser to be used in low-cost WDM access networks.
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